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Abstract
Purpose Any attempt of the government to encourage the
purchase of vehicles on alternative fuels and drive trains will
depend on the acceptance of the end-users on the demand
side. This paper offers an in-depth understanding of the
consumers’ attitudes and preferences towards AFVs which
can guide the government to establish effective policy
measures.
Method A comprehensive review of research is performed
under different conceptual frameworks and research meth-
odologies: attitudinal, experimental, preference valuation
studies and others. Research findings are reported with the
general objective to (1) uncover the attitudes and prefer-
ences towards AFVs and (2) examine whether the environ-
mental benefits of AFVs play a role in the car purchase
decision.
Results Overall, there exists a strong environmental con-
cern, and positive attitudes towards AFVs. However, envi-
ronmental benefits are of little importance in the car
purchase decision, which is principally driven by price
characteristics, performance and convenience attributes.
Limited knowledge levels also seem to prevent building
up awareness of AFVs, which is the key to their adoption.
Conclusions The adoption of AFVs is likely to be limited
without significant governmental incentives and regulations.
Based on the key findings, it can be recommended that a
combination of educational campaigns (e.g., information
tools), pricing measures (e.g., differentiated vehicle taxa-
tion), supply-sided measures and large-scale demonstrations
is required to support the adoption of AFVs.
Keywords Consumer preferences . Alternative fuels and
drive trains . Private households . Review . Environment
1 Introduction
Two important factors have caused major evolutions and de-
velopments in the transportation and automotive sector and
have stimulated the use of new technologies for our transpor-
tation models: the availability of energy sources and the im-
portant adverse effects of transportation systems on the
environment [93]. The finite nature of oil resources and the
associated political and economic effects presently lead to the
need of assessing alternative energy sources and to reduce the
dependence on imported oil. In addition to these energy as-
pects, the transportation sector is responsible for a substantial
part of pollutant emissions in the atmosphere, which are di-
rectly and indirectly impacting different receptors such as
people, material, agriculture, climate and ecosystems [92]. To
reduce the harmful emissions and to make the use of finite
energy sources more efficient, effective policy measures need
to be installed by the relevant authorities. One effective ap-
proach to attain these objectives is to reduce the use of personal
transportation by encouraging the use of the bicycle and public
transport [73]. However, most consumers are not inclined to let
go their primary means of transportation, mainly because of
strong feelings of convenience and independence associated
with car use [7]. Therefore, encouraging the purchase of alter-
natives to conventional petrol and diesel vehicles is essential.
Vehicles on alternative fuels such as liquefied petroleum gas
(LPG), compressed natural gas (CNG), biofuels and hydrogen
and drive trains such as electric vehicles (EVs), (plug-in)
hybrid electric vehicles ((P)HEVs) and hydrogen fuel cell
vehicles (HFCVs) offer an attractive solution to reduce the
environmental impact of the vehicle fleet [48].
A large scale adoption of these AFVs is a great challenge.
It depends not only on large-scale infrastructure costs, such
as refuelling and recharging facilities on the supply-side, but
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also on the acceptance by the end-users on the demand side.
It is now widely recognised that each attempt to change the
consumers’ activities and lifestyles requires a sound knowl-
edge of preferences and determinants of consumer demand
[75]. In this respect, unveiling the consumers’ attitudes and
preferences towards AFVs is necessary for the formulation
of effective policy measures.
Literature on the potential demand for AFVs has mainly
emerged since the late 80s and has been studied under very
different conceptual frameworks. This paper conducts a com-
prehensive literature review and presents a classification
scheme to map and uncover (1) the preferences and attitudes
towards AFVs and (2) whether their environmental benefits
can become a new dimension of vehicle choice by consumers.
Section 2 outlines the search strategy, whereas Section 3 pre-
sents the main findings of the literature review according to
the applied conceptual framework and research methodology.
Section 4 concludes and provides policy recommendations.
2 Search strategy
According to Cooper [28], a research review should be
designed in a systematic, objective way. To this extent, the
integrative research review consists of several stages. The first
stage is the formulation of the research question(s), which will
guide the research. Here, the aim is to uncover consumer
preferences for AFVs and to examine whether the environ-
mental benefits of AFVs play a role in the car purchase
decision. The second stage is the determination of the data
collection strategy and a selection of multiple channels in order
to avoid a bias in coverage (Section 2.1). The third stage,
elaborated in Section 2.2, provides an evaluation and selection
of the retrieved data. The fourth stage contains an analysis and
interpretation of the reviewed literature (Section 2.3) which
finally leads to the presentation of the results (Section 3) [19].
2.1 Data collection strategy
The data collection strategy is based on a computerised search.
Articles weremainly retrieved by tracking cited references from
e-catalogues. The reviewed papers were publishedmainly since
the last two decades. Several sources were used to search for
literature. These included theweb-based search tools (V-spaces,
article database; “web of science” and other e-sources) and the
VUBIS e-catalogue from the library of the Vrije Universiteit
Brussel (VUB). In addition, web-search robots (e.g., Google
Scholar) were used to track cited references and to find publi-
cation titles, using the search term ‘alternative fuels and drive
trains’ combinedwith ‘purchase behaviour’, ‘private household
demand’, ‘environment’ and ‘consumer preferences’. From the
resulting output, the relevant hits were filtered out based on
their publication in peer-reviewed journals, citation index (Min.
1, except for recently published articles, see Table 1) and their
focus on the purchase of AFVs by private households.
2.2 Evaluation of the retrieved data
By using the above described strategy, 53 publications have
been retained for further analysis. First, the retrieved data
show divergences according to the applied conceptual
framework and research methodology (see Table 2). They
can be grouped into attitudinal, experimental, preference
valuation and other studies. The majority of the collected
articles applied preference valuation techniques (27),
followed by attitudinal surveys (14), experimental designs
(8) and others (4). Many articles involve a combination of
them. Especially attitudinal surveys are often used in a first
phase to develop the survey instrument or to obtain in-depth
information about the consumers’ attitudes on environmen-
tal issues. Second, research from the 80s and 90s mainly
focused on the potential demand for battery EVs
[13,14,24,27,38,39,54,55,79,90], while studies from the late
90s and 2000s rather address a mix of AFVs including EVs,
LPG, CNG or methanol [21–23,33,34,42,81,87]. In line
with technological developments, recent research also con-
centrates on HEVs [3,10,26,29,31,32,45,49,53,72], PHEVs
[9,11] , b iofue ls [51 ,68,69 ,80 ,89 ,91] , hydrogen
[2,66,74,76,86] and HFCVs [46,61,62,65]. Finally, most
literature has been published in America. Out of the 53
reviewed articles, 19 were carried out in California, 10 in
other US states and 7 in Canada. Europe is represented with
16 articles and Asia with 1 article. The bias towards Cali-
fornia as the geographical focus of attention could be attrib-
uted to the heightened awareness of air pollution due to
local conditions and press attention [37,87], its importance
in global HEV sales (25 % of total US sales in 2006) [45],
the low-emission vehicle regulations and state programs
[39,87] and the highest count of Green Party registered
voters throughout the US [53]. Only recently, European
studies have gained in number, especially in the field of
attitudinal surveys and preference valuation techniques.
2.3 Analysis and interpretation of literature
Based on the evaluation of the retrieved data, the research
findings will be treated according to the applied conceptual
framework and research methodology (see next Section 3).
3 Results
In the following subsections, the conceptual frameworks and
research methodologies are briefly described and an overview
of common cited critics is given. Then, the major findings are
listed and general themes and response patterns are observed.
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3.1 Attitudinal studies
Attitude theory [30] is a central concept in environmental
psychology and typically relates attitudes to behaviour
through an intermediary intention construct. One of the most
applied theories to study behaviours of environmental rele-
vance is the theory of planned behaviour (TPB) [5]. This
theory stipulates that behavioural intention is shaped by
Table 2 Evaluation of the re-
trieved data
The number between brackets
represents the amount of









Publication year 80s (1) 90s (5) 80s (3) 2000s (4)
2000s (13) 2000s (3) 90s (9)
2000s (15)
Main scope Hydrogen (5) EV (5) EV (5) EV (1)
Biofuels (3) PHEV (2) AFV (8) HEV (1)
Others (6) HFCV (1) HEV (8) HFCV (1)
Biofuels (3) Other (1)
HFCV (3)
Provenance EU(10) US (8) US (14) US (3)
US (4) Canada (7) EU (1)
EU (5)
Asia (1)
Table 1 Citation indices of the
retrieved peer-reviewed articles
aRecently published
Study Citation index Study Citation index
Achterberg et al. [2] 1 Johansson-Stenman and Martinsson [52] 70
Ahn et al. [3] 12 Kahn [53] 51
Axsen et al. [10] 12 Kurani et al. [54] 47
Axsen and Kurani [9] 5 Kurani et al. [55] 45
Axsen et al. [11] 10 Lundquist Noblet et al. [60] 7
Beggs and Cardell [13] 36 Martin et al. [61] 2
Beggs et al. [14] 309 Mau et al. [62] 12
Brownstone et al. [21] 37 Mourato et al. [65] 29
Brownstone et al. [22] 223 O’Garra et al. [66] 36
Bunch et al. [23] 93 Peters et al. [67]a –
Calfee [24] 32 Petrolia et al. [68] 4
Caulfield et al. [26]a – Popp et al.[69] 3
Chéron and Zins [27] 8 Potoglou and Kanaroglou [72] 33
Dagsvik et al. [29] 26 Ricci et al. [74] 3
Eggers and Eggers [31]a – Segal [79] 20
Erdem et al. [32] 1 Schulte et al. [76] 45
Ewing and Sarigöllü [33] 32 Solomon and Johnson [80] 19
Ewing and Sarigöllü [34] 48 Sperling et al. [81] 10
Flamm [35] 7 Thesen and Langhelle [86] 1
Gjoen and Hard [36] 28 Tedeshi et al. [85] 6
Gould and Golob [39] 21 Tompkins et al. [87] 14
Golob and Gould [38] 9 Turrentine and Kurani [88] 63
Greene [42] 25 Ulmer et al. [89] 8
Heffner et al. [45] 27 Urban et al. [90] 208
Heffner et al. [46] 2 Van de Velde et al. [91] 1
Horne et al. [49] 26 Van Rijnsoever et al. [94] 2
Jensen et al. [51] 1
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attitudes towards the specific behaviour (overall evaluation of
its possible consequences), subjective norms (the perception
of a person about the normative expectations of others such as
close friends or family) and perceived behavioural control
(PBC) (personal feeling that one could easily change its
behaviour and that one has the possibilities to do this). TPB
pretends that if attitudes and subjective norms are favourable,
the PBC will be larger and the intention for behavioural
change will be stronger [4,5]. In this context, the adoption of
an AFV will be immediately influenced by a person’s inten-
tion to adopt the technology. Other conceptual frameworks in
the field of environmental psychology include the norm-
activationmodel (NAM) (by [77,78]), which focuses onmoral
values and personal norms to explain (altruistic) behaviour,
and the value-belief-norm (VBN) theory (by [83,84]) to ex-
plain commitments to protect the environment.
Methodological approaches to measure the correlation
between attitudes and behaviour in environmental psychol-
ogy often apply quantitative methods, qualitative methods
(e.g., semi-structured interviews, focus groups, group dis-
cussions etc.) or a combination of both.
Although the TPB and other theories are well tested, they
rely on complicated links between consumer values, knowl-
edge, beliefs, attitudes, intentions and behaviour. A large size
of factors is often difficult to quantify, predict and manage and
even if they are known, there is a loose causal link between
intentions and actions. The explanatory value of attitudes on
behaviour is thus limited, but might enlarge when behaviour
measures are self-reported, than when observed [8,75]. In
addition, the choice of survey questions might be subjected
to potential biases (e.g., framing, sample selection bias etc.).
Quantitative surveys might for example provide less opportu-
nity to let people frame their own public perceptions and
attitudes than qualitative surveys, but the latter encounters the
limitation of being representative for wider populations [74].
Table 3 shows an increasing emergence of attitudinal sur-
veys within the last 7 years, mainly executed in Europe.
Except for Ricci et al. [74] and Schulte et al. [76], quantitative
surveys were applied to reveal the consumer preferences for
AFVs. Within the surveys, there is a predominance of mea-
suring the attitudes towards hydrogen [2,66,74,86] and biofuel
vehicles [69,89,91]. Overall, the general concern about envi-
ronmental issues is found to be high (general positive envi-
ronmental attitudes), but very often, this is not translated into
changes in purchasing behaviour [2,66,74,94]. This discrep-
ancy between environmental attitudes and ecological behav-
iour is known as the attitude-action gap [56]. Most of the
reviewed studies have addressed this attitude-action gap and
have consistently reported two findings.
First, attitudes and behaviour towards AFVs are not merely
determined by environmental considerations, but are the out-
come of a complex trade-off involving economic [69,74,89],
performance [66,74,86] and psychological factors [67]
including less conscious determinants such as status [52]
and symbolic motives [67]. Moreover, individuals will rather
value the environmental benefits of AFVs in terms of potential
monetary savings, than out of environmental concern [69,89].
Second, limited knowledge levels currently prevent to
build up awareness of AFVs, which is the key to their
adoption [66,74,86]. Prior levels of AFV knowledge and
hence awareness are found to be associated with socio-
demographic (e.g., gender, age) and personal characteristics
(e.g., education) [66,86], environmental knowledge
[35,66,86,94], pro-environmental attitudes [35,86], cultural
dispositions [2], product involvement [66,94], direct expe-
rience (e.g., in terms of practical experiences and demon-
strations) and familiarity with AFVs [74,94].
Besides attitudes, an increased belief of the ability to
influence the environment positively (PBC) is found to
affect behavioural change in the same way [67,69,91]. To
strengthen the PBC, information is required that focuses on
the opportunities and possible solutions (e.g., range of ac-
tions that can be taken within car purchase to reduce energy
problems), instead of messages that contain negative infor-
mation and strengthen the seriousness of the problem and its
detrimental consequences [66,69,91].
The need for information is a recurrent finding throughout
most of the reviewed studies [2,35,66,74,85,91]. Audiences
are found to behave differently and require information to be
differentiated according to the interests and knowledge levels,
socio-demographic characteristics, attitudes and cultural dis-
positions of the specific target audience [2,74,91,94]. Perfor-
mance attitudes are found to be positively related to
information search [94], whereas people with environmental
attitudes are less affected by information provision [91,94]. In
this respect, tailored information which focuses on the new
technical developments that improve environmental perfor-
mance while maintaining car performance might for example
help to enhance the support for AFVs [94].
3.2 Experimental studies
In experimental and quasi-experimental studies, individuals
are put in a natural or an artificial setting to observe their
behaviour towards a group of individuals not exposed to the
experimental treatment. Experimental studies often make
use of vehicle trials or clinics, activity-based approaches,
gaming simulations or design spaces [11,55]. Activity anal-
ysis includes the use of household travel diaries, activity
location maps, videos and other informational material to
observe daily travel patterns and understand consumers’
needs with respect to AFVs [55]. Gaming simulations are
experimental contexts in which respondents seek solutions
to a particular problem or issue (e.g., range limit) within
their activity space [40,55]. Design spaces are used to elicit
the consumers’ design priorities and preferences of AFVs,
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which is consistent with theories of constructed preferences
that view consumer preferences as outcomes (and not as
inputs) of decision contexts and processes [11,15].
Although experimental designs rely on virtual or real-
world experiences of the technology and are more realistic
than other survey techniques, they have their limitations.
Trials may for example evoke the “Hawthorne” effect, indi-
cating that people will produce upward biased estimates of
interest in AFVs since they receive special attention. As a
result, fewer people than those who expressed a purchase
intention are likely to purchase such a car. Additionally,
there may arise several measurement problems related to
the duration and length of the trial. Trials may also provide
reactions to a specific category or product because of the
opportunity that the participants have to experience compet-
ing technologies (e.g., conventional gasoline cars) [39].
All reviewed experimental studies, displayed in Table 4,
were performed in California (US). Many of them were carried
out in the 90s to understand how consumers could address EV
limitations. In line with technological developments, recent
experimental studies rather concentrate onHFCVs and PHEVs.
All vehicle technologies included in the experimental designs
face driving range and infrastructure challenges and rely on an
electric motor powered by a unique fuel source [55,61].
Most experimental studies shared the opinion that there is
a strong concern for the environment, and a strong belief
that lifestyle changes are required to solve environmental
problems [38,39,54,55,90]. However, they also discovered
that the environment was the lowest rate issue when pur-
chasing a vehicle (see for example [55,90]). Although envi-
ronmental awareness may not lead to the purchase of an
AFV, it might encourage households to seek out and evalu-
ate AFVs for purchase considerations [55].
Short-term exposure improves the respondents’ overall im-
pressions of AFVs, especially with respect to their environ-
mental benefits [39,61]. But, as they gain experience with
AFVs, those perceived environmental benefits become a lower
priority as other vehicle features will enter the decision set [39].
On the one hand, comparisons will be made based on range,
purchase price and convenience of use [38]. Some of the
Table 4 Reviewed experimental studies
Study Scope Experimental setting Findings Location
Urban et al. [90] EV Multi-media workshop placing
consumers in a virtual buying
environment.
Although EVs were rated highly in terms
of environmental attributes, environmental
concern was the lowest rated issue when
purchasing a vehicle.
California (US)
Kurani et al. [54] EV Interactive interview based on
week-long travel diaries
Perceived driving range is smaller than
expected. Viable market for EVs with
60 to 100 miles driving range.
California (US)
Kurani et al. [55] EV Experiment-oriented interviews Although environmental awareness may
not lead to the purchase of an EV, it may
encourage households to seek out and
evaluate EVs for purchase considerations.
Home recharging is the most highly valued
attribute, whereas environmentalism is the
least valued.
California (US)
Innovative mail survey with:
- video of EV use and recharging
- 3-day trip diary
- map of activity locations
Vehicle choice experiments.
Gould and Golob [39] EV Personal vehicle trials with: Although opinions about environmental
efficacy showed improvement after the trial,
participants would choose an EV on the basis
of other factors (e.g., low running costs) than
the environmental benefit.
California (US)
- inboard travel logger
- a fill-in travel diary
- pre- and post-trial survey
Golob and Gould [38] EV Personal vehicle trials with: Experience with EV did not change the
perception of the desired range (i.e., similar
to that of a gasoline car).
California (US)
- inboard travel logger
- a fill-in travel diary
- pre- and post-trial survey
Martin et al. [61] HFCV Real-driving and refuelling
experience, pre- and post-
clinic surveys.
Short-term exposure improved the respondent’s
overall impression of HFCV. A driving range
of 480 km is found to be acceptable for 90 %
of the respondents.
California (US)
Axsen and Kurani [9] PHEV Attitudinal survey, travel
and parking diaries,
design games.
More new vehicle buyers might be adapted for
vehicle recharging than generally assumed.
Home recharging is the key determinant for
an early PHEV market.
California (US)
Axsen et al. [11] PHEV Attitudinal survey, travel
and parking diaries and
design games.
The performance requirements of batteries
might be closer to commercially viable
PHEVs than expected.
California (US)
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reviewed studies reveal that respondents did not change their
perception about the desired range [38,39,61]. Despite the
demonstrated utility of AFVs, respondents still desire ranges
to be similar to that of a conventionally fuelled car, even when
travel diaries showed that they were usually travelling less on a
daily basis [38,61]. Acceptable driving ranges are found to be
160 km for EVs [38,54] up to 480 km for HFCVs [61]. On the
other hand, consumer preferences might emerge with respect
to the new qualities of AFVs (e.g., quiet ride, low maintenance
costs) [38,54,55]. In this respect, Kurani et al. [55] argue that
multi-vehicle households will combine AFVs and conven-
tional vehicles in their stock to achieve the advantages of the
different propulsion systems. These “hybrid households” will
not be discouraged by the limited driving range of AFVs as
they allocate household travel according to the different oper-
ational characteristics of the vehicles (i.e., conventional vehi-
cles for longer trips, AFVs for shorter trips). The attractiveness
of AFVs will not lie in their competitive, but in their comple-
mentary relation to conventionally fuelled vehicles. In addi-
tion, Kurani and his colleagues assert that any disutility of
reduced range can be more than offset by the value of home
recharging [9,11,55]. They stipulate that a succesful market
launch of AFVs will not depend on the duplication of the
performance attributes of conventionally fuelled vehicles, but
on the recognition that there is a potential market for less
ambitious AFV designs with shorter driving ranges.
According to these authors, the commercialisation of more
ambitious AFVs should be inevitably accompanied with fi-
nancial incentives, large-scale vehicle demonstrations and
persuasive information campaigns to overcome the financial
barriers and the lack of inherent interest.
3.3 Preference valuation studies
Preference valuation studies are another technique to analyse
the potential demand for environmental goods or services
which are usually not traded within the market mechanism.
Consumer preferences are usually inferred by stated or re-
vealed preference techniques. The stated preference (SP) tech-
nique is a survey-based technique that allows researchers to
uncover how people value different product/service attributes.
The most common SP techniques used in transport studies are
the choice modeling (CM) method and the contingent valua-
tion method (CV). CM originates from conjoint analysis,
information integration theory in psychology [6] and discrete
choice theory in economics/econometrics [58,59]. It applies a
choice experiment approach using a variety of instruments
(e.g., pencil and paper, computer aided personal survey in-
strument (CAPI), internet-based survey) to indirectly elicit
attribute values based on either ranking or rating of products
described by a number of attributes in several labelled or
unlabelled choice sets [18,41,47]. Subsequently, via statistical
techniques, the analysis will derive a value for each of these
attributes and thus express the relative preferences among
vehicle attributes [29,79]. Conventional discrete choice (DC)
models analyse situations in which respondents are asked to
choose one alternative from a set of mutually exclusive hypo-
thetical alternatives [17,50]. Recently, multiple discrete-
continuous extreme value (MDCEV) models have been intro-
duced that deal with the existence of multiple-vehicle house-
holds, where households own and use multiple vehicles for
satisfying their travel needs [16,17]. Other recent progresses
in CM aim to improve realism, by for instance adding a no-
choice option [31], or by customising attribute levels based on
respondent’s current vehicle choices [10,31,62].
In CV, value elicitation is whole-product based by asking
respondents to express their maximum willingness to pay
(WTP) for a given improvement of a public good provision
level (e.g., cleaning up a lake) or for public goods aspects of a
market good (e.g., eco-labeled goods) [44,63]. In the dichot-
omous CV design (yes/no answers), respondents accept or
refuse a payment for a change in the quality or the quantity of
a good at a given cost, while open-ended questions (such as
payment cards and bidding games) provide a way to elicit the
respondent’s maximumWTP [63,64]. CVand CMoffer rather
different merits and their use entirely depends on the purpose
of the study under consideration. CM is particularly suited to
measure the marginal value of changes in various character-
istics of environmental goods and allows a deeper understand-
ing of the trade-offs between attributes, whereas CV is a better
technique than CM when the main objective of the study is to
value an overall policy package and for assisting in policy
evaluations [25,43,44,50].
Economists have been sceptical towards the use of SP
data. One possible problem with hypothetical choices is that
it may not reflect the real purchase intentions of the re-
spondents (i.e., hypothetical bias) [20,47]. Another criticism
is that SP surveys view consumer preferences as inputs to
decision contexts and processes and assume that consumers
have preferences for attributes that are unfamiliar to them.
Consequently, these surveys might not capture the complex-
ity of vehicle purchase behaviour [9,15,39,55]. Moreover,
respondents tend to give socially desirable responses, such
as “feel good” responses for environmental benefits or they
may provide in contrast anti-environmental survey re-
sponses [55]. As a result, they may signal their preference
for provision of less pollution, although in reality they
would not spend any extra money on purchasing an envi-
ronmentally friendlier car. Ewing and Sarigöllü [34] also
point out that people who are highly concerned about the
environment may have a higher motivation to return the
surveys. Finally, Kurani et al. [55] state that surveys usually
question one person from a household, while vehicle pur-
chases are often made jointly by the whole household. In the
literature on CV, an extensive overview of potential sources
of bias is given by Mitchell and Carson [63], Carson [25],
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Bateman et al. [12] and Venkatachalam [95], which can also
offer guidance on how to cope with potential bias in hypo-
thetical choice experiments [47].
In contrast to the SP technique, the revealed preference
(RP) technique uses real market data from observations on
actual choices in order to measure the consumer preferences.
So RP data or market data do not have the possibility for
confusion or unstated assumptions. But the main problem in
predicting a market for AFVs by using RP data is the
absence of actual choice observations since only a small
market share of AFVs is currently available [70,71]. Fur-
thermore, using RP data makes it difficult to observe the
effect of large variations in the variables of interest. Finally,
RP data may often produce strong correlations between the
variables (multicollinearity) and may evoke difficulties in
measuring the vehicle attributes [1]. Because SP and RP
have complementary strengths, a growing body of literature
applies joint SP-RP modeling techniques (e.g., [10,22]).
Except for Brownstone et al. [22] and Axsen et al. [10], all
studies, listed in Table 5, applied SP surveys with a predom-
inance of CM, used for the identification of unique attributes
of AFVs and their effects on vehicle purchase. All reviewed
studies from the 80s and 90s were performed in America and
focused on battery EVs or on a mix of AFVs including either
EVs, LPG, CNG or methanol. Later research also included
HEVs, PHEVs and HFCVs in the vehicle choice experi-
ments. These reviewed CM studies reveal that the most
critical factors for the adoption of AFVs are price character-
istics (e.g., purchase price, fuel costs) [3,26,29,33,72,79],
followed by performance and convenience attributes
(e.g., driving range, recharging times, fuel availability)
[13,14,21,24,27,29,33,42,72,79]. Although people express a
willingness to pay for reduced emission levels [21,23,87],
environmental benefits are consistently found to be of minor
importance compared to these attributes [26,27,34,72].
Recent studies also apply CM to capture the dynamics in
consumer preferences for new technologies [10,31,62]. These
studies reveal that conventional vehicles become less desir-
able with increases in AFV adoption, given equal monetary
costs (i.e., neighbour effect) [10,31,62]. However, these dy-
namics in consumer preferences seem to depend on the type of
new technology. Consumers will more likely switch to HEVs
than to HFCVs [62] or to EVs [31]. This can be attributed to
the fact that HEVs exhibit low switching costs (e.g., no
reliance on the availability of charging stations), whereas
HFCVs and EVs possess attributes that are unfamiliar to
consumers (e.g., driving range) and require technical infra-
structure (e.g., to recharge the car at home) [31,62].
A minority of the reviewed SP studies applied the CV
method. In recent years, this method was especially applied
to unveil the WTP for biofuels [68,80,81], HFCVs [65] and
HEVs [32]. Similar to other CV literature, the WTP for
AFVs is found to be positively influenced by income
[32,80] and environmental concern [32,51,65,80,81]. De-
spite these levels of environmental concern and supportive
attitudes towards AFVs, the WTP is mainly determined by
financial considerations. The high initial costs of HEVs
currently prevent them from gaining a market share (e.g.,
in Turkey) [32], the WTP for HFCVs is driven mostly by
expectations of personal financial savings (e.g., reduced
running costs) [65] and there only exists a WTP for meth-
anol if the cost burden is shared [81].
To widen the acceptance of AFVs, these studies suggest
that policymakers should act on the environmental concerns
by issuing educational campaigns to raise awareness about the
features and benefits of AFVs [31,32,65]. In this respect,
consumers seem to react more to emission information (eco-
labelling) at the vehicle level than at the class level [60]. In
addition, tax incentives (e.g., surcharge of dirtier fuels, differ-
entiation of vehicle taxes based on fuel economy or CO2
emissions), subsidies or private privileges (e.g., free parking)
should make these vehicles more financially competitive as
compared to conventionally fuelled vehicles [32,65]. Finally,
the availability of a refuelling or recharging network could be
ensured by the deployment of public charging stations, which
is likely to be facilitated by the involvement and cooperation
between all major stakeholders [31].
3.4 Other studies
A fundamentally different approach is symbolism, which does
not focus on monetary costs and functional attributes to pre-
dict the adoption of AFVs, but on the symbolic meanings
associated with them. Studies of symbolism either rely on
conceptual frameworks from psychology (see [57,82]) or on
ethnographic interviews which originate from anthropology
(i.e., semiotics) (see [45,46]). The former studies used social-
scientific research techniques to illustrate that the attractive-
ness of car use not only depends on instrumental-reasoned
factors (e.g., travel costs, safety), but also on symbolic-
affective motivations (e.g., status and social comparison, feel-
ings of self-expression, feelings of sensation). The latter stud-
ies by Heffner et al. [45,46] assume that vehicles are important
carriers of symbolic meanings that are used to maintain (prod-
uct as self-expression) and create (product as self-creation)
self-identity. By selecting a particular vehicle, people commu-
nicate their interests, beliefs, values and social status.
Semiotic theory often uses qualitative surveys as they
allow participants to use their own terminology and value
frameworks. In addition, it might overcome some of the
challenges associated with the examination of symbolic
meanings, such as the tendency to understate the impact of
symbolic meanings in vehicle purchases [45,46]. On the
other hand, this approach relies on the existence of AFVs
on the market and associated symbolic meanings, which
take time to appear and to communicate [75].
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Table 5 Reviewed preference valuation studies
Study Scope Attributes Method Findings Location
Beggs and
Cardell [13]
EV Price, operating cost, range,
recharging time, performance,
size and air conditioning.
CM Small market share of EVs as a result
of high negative valuation of limited
range and long recharging times.
Baltimore (US)
Beggs et al. [14] EV Price, operating cost, range,
recharging time, performance,
size and air conditioning.
CM Small market share of EVs as a result
of range anxiety and long recharging
times.
Baltimore (US)
Calfee [24] EV Price, operating cost, range,
top speed, number of seats
CM Great heterogeneity in consumer
trade-offs among vehicle attributes,











CM Consumers are willing to pay more
for vehicles with reduced emission
levels.
California (US)
Segal [79] EV Recharging/refuelling, range,
fuel attributes and cost of
the vehicle
CM Low market share of EVs as a result





Methanol Higher octane, less pollution
and more power.
CV Higher WTP for clean fuels than for






AFV Purchase price, range, refuelling
cost and time, service station
refuelling time, service station
availability, acceleration time,
top speed, tailpipe emissions,
vehicle size, body type and
luggage space.
CM High income households are likely
to purchase high-priced vehicles,
2-vehicle households with children
under 21 years expose a greater
WTP for emission reduction than
households without children and
vehicle range is a very important




EV Range, maximum speed,
recharging time and cost
and delay in case of dead
battery.
CM No viable market for EVs unless
driving range and recharging time
are comparable to conventional
gasoline vehicles. These factors
can be hardly compensated by
greater cleanliness.
Montréal (Canada)
Greene [42] AFV Purchase price, fuel price,
fuel availability
CV The transition from initial market
development to a mature market
requires a minimum of 10 to
20 % (of conventional gasoline







Purchase price, repair and
maintenance cost, range,
refuelling time, acceleration,
commuting time and cost,
polluting emissions.
CM Large market potential for cleaner
fuel-efficient vehicles and EVs if
they can compete with conventional







List of 26 attributes
manipulated by an
experimental design.
CM People are willing to pay a significant







Purchase price, range, refuelling
cost and time, service station
refuelling time, service station
availability, acceleration time,
top speed, tailpipe emissions,
vehicle size, body type and
luggage space.
CM There exists a large heterogeneity in
consumer preferences for AFVs.
Respondents preferred CNG and
methanol to gasoline, only college-









CM Although strong preferences were
found for AFVs, vehicle performance







Purchase price, driving range
between refuelling/recharging,
top speed and fuel consumption.
CM Low WTP for AFVs unless the
infrastructure for maintenance
and refuelling, purchase price
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Table 5 (continued)
Study Scope Attributes Method Findings Location
Mourato
et al. [65]
HFCV Range, acceleration, top speed,
noise, emissions, electrical
equipment, internal dimensions,
boot space, safety, refuelling
costs and refuelling stations.
CV Despite environmental concern and
a supportive attitude towards green
cars, the WTP in the short term was
mainly determined by financial
considerations. Environmental
considerations and knowledge of
technology were found to affect
long-term purchasing decisions.
London (EU)
Horne et al. [49] NG, HEV,
HFCV, P
Capital cost, operating cost, fuel
availability, express lane access,
emissions data and power.
CM High market share prediction for








Income, annualised price, annual
driving cost, pollution criteria,
faith in orders, perceived
consumer effectiveness,
perceived compromise needed
when buying greener vehicles,
knowledge on link between air
quality degradation and vehicle
emissions and air quality concern.
CM Environmental attributes of an eco-
labeled car are significant in the
purchase decision. Eco-information
is considered in the vehicle purchase
decision, but not at class-level
decision. Individuals with different











CM Individuals consider price and
performance characteristics as
important. They are attracted by
reduced emission levels, but limited
fuel availability is a major concern.
Hamilton
(Canada)
Ahn et al. [3] P, D, CNG,
LPG, HEV
Fuel type, body type, maintenance
cost, engine displacement, fuel
efficiency and fuel price.
CM AFVs can only gain market share if
their purchase price is equal to that
of a conventional vehicle. A HEV
is valued as the most attractive
alternative because of its low fuel
costs, although this type of car has
a disadvantageous purchase price.
Seoul (Asia)
Mau et al. [62] HEV, HFCV, P Purchase price, fuel cost, subsidy,
warranty coverage, cruising
range and refuelling convenience.
CM The importance that consumers place
on certain attributes changes over
time as a new technology gains market
share (i.e., neighbour effect). HEVs
are found more acceptable than HFCV
as the former provides the same service
as a conventional technology whereas





Ethanol WTP for ethanol made from
farming residues, forestry
residues, paper mill wastes
and municipal solid wastes.
CV Females, political liberals, higher
income-households and environmental
concern positively affect the WTP
for ethanol. No statistical differences
in WTP for the different feedstocks
were found.
Minnesota (US)
Axsen et al. [10] HEV,
conventional
Capital cost, subsidy, performance,
fuel efficiency and fuel price.








Fuel costs, vehicle registration tax,
CO2 emissions.
CM HEVs are found to be better for the
environment and cheaper to run,







Drive train technology, range-per-
battery charge and price as
compared to conventional cars.
CM Critical adoption factors for EVs
are purchase price, range, timing
of market entry, or environmental
evolution (e.g., increasing penetration,
rising gas prices, or increasing number




Ethanol Fuel price, feedstock (corn grain,
switchgrass and wood wastes),
fuel import, GHG emission
reductions and fuel availability.
CV Females, younger respondents and higher
concern about independence from foreign
energy sources positively affected the
WTP for the different feedstocks. GHG
emission reduction also positively
influenced the WTP for E85.
US
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The reviewed studies, summarised in Table 6, mostly
relied on semiotic theory to unveil the symbolic meanings
associated to AFVs in California (US). They all agree on the
fact that households are not purchasing AFVs for their
functional or economic benefits, but to gain access to sym-
bols that are used to define and express who they are.
Symbolism is found to be particularly strong in vehicles
that use new types of technologies. They were important to
early buyers of EVs in Norway [36] and HEVs in the US
[45,46]. Heffner et al. [45] used ethnographic interviews with
25 early HEV buyers to explore how widely recognised social
meanings (denotations) are connected to more personal mean-
ings (connotations) and how they affect vehicle purchase.
They revealed that households buy HEVs for the meanings
they symbolise (such as “environmental preservation”,
“financial responsibility”, “independence from oil producers”,
“embracing new technology” and “opposition to war”) as well
as the connotations linked to these ideas that are relevant to
self-identity (such as “concern about others”, “intelligence”,
“independence”, “uniqueness”, “ethics”, etc.). While denota-
tions are generally socially-shared, connotations vary from
person to person. For example, two households may view
their HEV as a symbol for “preserving the environment”, but
one household may emphasise the “ethics” connotation,
whereas for another household their “concern about others”
is an important value to communicate to society [45,88].
Heffner et al. [46] recommend that, just as early buyers of
HEVs looked for meanings that were unavailable in other
types of vehicles; early buyers of HFCVs will also look for
new symbolic meanings in their vehicles that are not offered
Table 5 (continued)
Study Scope Attributes Method Findings Location
Erdem
et al. [32]
HEV WTP for HEV CV Income, educational level,
environmental concern, risk attitudes,
gender and perception of alternative
energy sources have a positive impact




Ethanol and P WTP for E10 and E85 CV WTP for E10 is lower for older
respondents, for those who prefer
public transit options and those who
prefer non-ethanol-fuelled vehicle
alternatives, but higher for those
with higher education levels.
US
Table 6 Reviewed other studies
Study Scope Setting Findings Location
Gjoen and Hard [36] EV Interviews. EVs are associated with symbolic meanings
such as a contribution to a cleaner environmental
consciousness.
Norway (EU)
Turrentine and Kurani [88] – Semi-structured interviews
with 57 households.
High fuel economy may be valued more for its
symbolism (e.g., resource conservation) than
for its marginal financial value
California (US)
Heffner et al. [45] HEV Semi-structured ethnographic
interviews with 25 HEV
owners including sections on:
The purchase of an HEV is influenced by 5
denotations, each associated with several
connotations:
California (US)
- household vehicle history - preserving the environment (ethical, concerned
about others)
- purchase narrative - opposed to war (ethics)
- symbolic meaning analysis - manage personal finances (maturity, intelligence)
- HEV benefits and disbenefits - reduce oil support (personal, national independence)
- vehicle preference exercise - embrace new technology (individuality, unique)
Heffner et al. [46] HFCV See Heffner et al. [45]. Just as in case of HEVs (see [45]), HFCVs should
be differentiated based on these existing meanings
and offer new symbolic meanings such as the idea
of “extended personal territory”, as they have the
potential to provide electricity, even when the
vehicle is not in use.
California (US)
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by competing alternatives. In this respect, HFCVs should
improve on existing symbolic meanings (e.g., by providing
potential buyers a more authentic access to the ideas of envi-
ronmental preservation or advanced technology). In addition,
they should offer entirely new symbolic meanings as well
such as “home refuelling”, which can refer to aspects of
independency. Another possibility is to explore the idea of
“extended personal territory”, as HFCVs have the potential to
produce clean electrical power for purposes other than pro-
pulsion. As new meanings will continue to emerge, under-
standing the meanings, as well as their construction and
communication is essential to promote the AFV market.
4 Conclusions and recommendations
4.1 Conceptual framework and research methodologies
of reviewed studies
This paper reviewed 53 publications according to the applied
conceptual framework and research methodology. Overall, the
amount of articles dealing with consumer preferences and
attitudes towards AFVs has grown considerably over time.
Research from the 80s and 90s was mainly carried out in
California and applied preference valuation techniques and
experimental designs to elicit consumer preferences for EVs.
Recent studies, mainly executed in Europe and (North) Amer-
ica, give more emphasis to biofuels, hydrogen, (P)HEVs and
HFCVs and also apply attitudinal surveys and (symbolic)
qualitative surveys as reaction to the traditional rational-actor
approaches. Early studies from the US often focused on EVs,
which possess vehicle attributes that are unfamiliar to con-
sumers. As a result, performance characteristics often came
out as the critical acceptance factors. In recent studies
from the EU, focusing on evolutionary technologies
such as HEV or hydrogen, price characteristics play a
more important role as the consumers are much more
familiar with the performance attributes.
The predominant method used in measuring the consumer
preferences for AFVs is CM, which principal aim is to unveil
the different critical factors for the adoption of AFVs. A
common criticism of CM is that they might not capture the
complexity of a consumer purchase decision as it (1) only
presents a small (pre-defined) selection of vehicle attributes in
order to reduce the cognitive burden of the respondent and to
allow proper measurement—leaving people no possibility to
frame the perceptions by themselves and (2) assumes that
respondents have preferences for attributes (such as driving
range, home recharging) that are unfamiliar and unknown to
them. A common criticism of SP surveys which also applies to
(quantitative) attitudinal surveys is that the potential demand
for green and progressive technologies might be overstated as
a result of social desirable answers. In this respect, qualitative
surveys (such as in symbolic studies and attitudinal surveys)
and experimental based approaches (trials, travel diaries, etc.)
increase familiarity and experience with the alternative tech-
nologies and offer more opportunities to deal with the socio-
cultural contexts in which values, beliefs, perceptions and
attitudes are rooted. On the other hand, these studies often
contain small samples which are unlikely to be representative
for wider populations.
The technological focus of experimental studies and sym-
bolic studies is merely on EVs, PHEVs and HFCVs. These
technologies not only face driving range and infrastructure
challenges, but also possess new vehicle qualities such as silent
driving, home recharging, etc. Experimental and symbolic
studies mainly envision the early buyers segment and examine
whether these new vehicle characteristics can offset the limi-
tations (experimental studies) or even symbolise new mean-
ings that can be communicated to society (symbolic studies).
Attitudinal studies are rather performed to uncover the con-
sumer attitudes for biofuels and hydrogen whereas consumer
preference studies often deal with a variety of technologies. A
potential gap in most of the reviewed studies is that they focus
solely on the preferences for one technology [75]. Ideally,
conventionally fuelled vehicles and other competing clean
vehicle technologies should be incorporated in the study de-
sign to provide a better reflection of the range of alternatives
that are available in the market and to improve realism.
4.2 Key results of reviewed studies
Overall, the key finding from the reviewed studies is that
there exists a strong environmental concern, and positive
attitudes towards AFVs, but that the environmental benefits
are of little importance in the car purchase decision.
Attitudinal studies refer to this phenomenon as the
attitude-action gap, as positive environmental attitudes do
not translate into ecological behaviour. The revised literature
revealed that attitudes of people are not only determined by
environmental considerations, but also by a complex trade-
off involving the perceived costs and benefits of the various
alternatives. Moreover, limited knowledge levels currently
prevent to build up awareness of AFVs, which is the key for
their adoption.
Most experimental studies shared the opinion that a short-
term exposure to AFVs improves the respondents’ overall
impressions, especially with respect to their environmental
benefits. But once experience with AFVs is gained, environ-
mental benefits become of minor importance as other vehicle
features (e.g., driving range) will enter the decision set. Nev-
ertheless, some studies stipulate that acquired experience with
AFVs attract so-called “hybrid households”, because of their
new qualities (e.g., quite ride, low running costs, home
recharging) which can more than offset the disutility of a
reduced range. Again, these studies also recognise that
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environmental concern is not an important attribute in the car
purchase decision, even for early AFV buyers.
The reviewed preference valuation studies unveiled that
environmental benefits are of minor importance for the
adoption of AFVs, which is principally driven by price
characteristics, performance and convenience attributes. Ad-
ditionally, the revised CV studies highlighted that the WTP
for AFVs is positively influenced by socio-economic (e.g.,
income) and psychological characteristics (e.g., environ-
mental concern), but that ultimately the WTP is still driven
by expectations of personal financial savings. Recent studies
also reveal that the degree of market penetration of AFVs
might exert a strong influence on consumer preferences (i.e.,
neighbour effect), given equal monetary costs. However,
these dynamics seem to depend on the type of technology
such that preferences will be stronger for evolutionary tech-
nologies (e.g., HEV) than for disruptive technologies (e.g.,
HFCVs, EVs) as the latter possess vehicle attributes that are
unfamiliar to consumers and require technical infrastructure.
Lastly, a different approach is the acknowledgment of
symbolism as a central aspect of vehicle ownership. All
revised studies agree on the fact that households do not
purchase AFVs based on rational factors, such as functional
or economic benefits, but to gain access to a variety of
denotations and associated connotations behind it. In this
respect, people might purchase an AFV as it symbolises
“environmental preservation” and refers to a range of con-
notations such as “ethics”, “intelligence”, “awareness” or
“concern about others”.
4.3 Policy recommendations
The adoption of AFVs is likely to be limited without sig-
nificant governmental incentives and regulations.
Given the low awareness of AFVs found in the reviewed
attitudinal studies, information provision is a prerequisite for
changing environmental behaviour. It should be diversified
according to the heterogeneous target audience (e.g., along
their interests, knowledge, attitudes, socio-demographics,
etc.) and should especially focus on the opportunities and
possible solutions such as the range of actions that can be
takenwithin car purchase to reduce energy problems. As AFVs
are often associated with reduced performance and comfort,
information about their performance potential might even at-
tract people that are uninterested in environmental issues.
Besides educational campaigns to raise awareness about
the features of AFVs, experimental studies and preference
valuation techniques also highlight the need for pricing
measures (e.g., differentiation of taxation based on fuel
consumption or CO2 emissions, subsidies, etc.), supply-
sided measures (e.g., recharging, refuelling network) and
large-scale demonstrations to ensure the financial attractive-
ness, availability and reliability of AFVs.
According to the symbolic studies, the market success of
AFVs will depend on the existing and new symbolic mean-
ings that are attached to these vehicles. In case of EVs,
PHEVs and HFCVs, the challenge is thus to exploit new
symbolic meanings that were not previously available in
other vehicle types. However, if one wants to offer potential
buyers stronger, more authentic access to these symbolic
meanings such as “environmental preservation”, “oil inde-
pendence” or “financial acumen”, a broad consensus about
their environmentally friendly aspects or financial attractive-
ness should exist. Any confusion about these aspects (e.g.,
about the sustainability of the fuel on a well-to-wheel basis)
could strip these potential symbolic meanings from AFVs.
In this respect, common information tools that provide fac-
tual information on the potential environmental and finan-
cial benefits of AFVs are required in order to distinguish
them from conventionally fuelled vehicles.
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